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Interventionpl Cardiology 

Preventive effects of an antiallergic drug A 
pemiroldst potassium/on restenosis after 
percutaneous transluminal coronary angioplasty 

Hidcfumi Ohsawa, MB, Hirofumi Noikc, MD, Masaliito Kanai, MD, Masaki Yoshinuma, MD, Kazuhito Mineoka, 
MD, Takashi Hitsumoto, MD. Xaneyuki Aoyagi, MD, Takeshi Sakurai, MD, Shin Sato, MD, Takashi Uchi MD 
Kohei MD, Keiichi Tokuh^o', MD, Vasumi Uchi da, MD, and Hisao Tomioka, MD Sak^ J«p*n 

Background We recenrly confirmed thai pemirolosi potassium, on onriollergic agent, markedly inhibits migration and 
proliferation of vascular smooth muscle. cells. It hos also been reported that pemirolast inhibits inrimai hyperplasia in animal 
experiments. 

Methods and Results To elucidate the preventive effects of pemirolast on restenosis after percutaneous transluminal 
coronary angioplasty (PTCA), 227 patients were enrolled in this prospective, randomized trial. A total of 205 patients 1 who were 
compatible with the protocol were analyzed (pemirolast group, J 04 patients with 140 lesions; control group, 101 patients with 
133 lesions). Patients in the pemirolasl group received 20 mg/d of pemirolast from 1 week before PTCA until the time of follow-up 
angiography (4 months after FTC A). Angiographic restenosis was defined as diameter stenosis >50% at follow-up. Restenosis 
rates were significantly lower in the pemirolast group than in the control group (24.0% vs 46.5% of patients, 1 8.6% vs 35.3% of " 
lesions, P<.0], respectively). During 8 months of follow-up. there were no coronary events (death, myocardial infarction, coro- ' 
nary artery bypass surgery or repealed PTCA) in 617% of the pemirolast group and in 63.4% of the control group [P - .013). 

Conclusions This study suggested that pemirolast would be useful in the clinical setting to prevent restenosis after ' 
PTCA. (Am HeortJ 1998;136:1081-7) ' 
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Restenosis after percutaneous transluminal coronary 
angioplasty (PTCA) remains an important unsolved 
problem. Scenting has conuibuted to reduction of 
restenosis by preventing pathologic . vascular remodel- 
ing, 1 ^ but the proliferation of vascular smooth muscle 
cells (VSMC),- one of the causes of restenosis, is 
observed even after stenr placement. 3 Pharmacologic 
strategies that prevent the prolifera-Jon of VSMC in ani- 
mals have been ineffective in hurrun beings. Recendy, 
the antiallergic and antikeloid dmg tranilast tvas 
teported to be effective in preventing restenosis after 
PTCA<.5 in Japan. Experimental studies have shown that 
tranilast particularly inhibits collagen synthesis^ tJirough 
the suppression of transforming; growth factor CTG1F)- 
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j3l, 7 which suggests that tranilast may prevent resteno- 
sis. On the other hand, we recendy confirmed that 
pemirolast potassium, ^ an antiallergic agent widely 
used in Japan, markedly inhibits migration and prolifer-" 
ation of VSMC, mainly by inhibition of inositol phos- 
phoLipid turnover, which is the initial stage of the intra- 
cellular signal transduction system.^ The inhibitory 
effects of pemirolast on- VSMC proliferation are found to 
be higher than those of tranilast (unpublished data). 

Furthermore, it has been reported that pemirolast » 
inhibits inrimai hyperplasia in animal experiments. 14 
On. the basis of these results, we conducted a clinical 
prospective, randomized study to investigate the pre- 
ventive effects of pemirolast on restenosis after PTCA. 

Methods 

Patient selection 

The study population consisted of patients with sympto- 
matic ischemic bean disease caused by de novo lesions of the 
native, coronary artery. The specific angiographic criterion for 
enrollment was >75% stenosis to be dilated (classification of 
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percentage of stenosis by the American Heart Association 
Cornrnictee Report^). The criteria lor exclusion were acute 
myocardial infarction, left ventricular ejection fraction iif 
<40%, and renal failure treated will, hemodialysis. Th*> ani;}..,- 
graphic criteria for exclusion were the preserve of rypi* C 
lesions 16 such as chronic totaJ ocdu.'.ion (>3 months old ), 
osual lesions, diffuse lesions, and left main tiunk lesion*. 

After the patients were interviewed to determine their eligi- 
bility and had been given. informed consent, they were ran- 
. domly and prospectively assigned to one of two groups: a 
group given pemirolast (pemirolast group) or 3 group not 
grven pemirolast (contra] group). 

Drug treatments 

The pemirolast group was given 20 n*ig''d pemirolast, it-, 
srandard dose as an antiallergic drug, from 1 week before 
PTCA until follow-up angiography 4 month? bier. All sub- 
jects in both groups were given aspirin i$l mg/d), nitrjte' 
calcium antagonists, and/or fi-biocke.rs (selected at the dis- 
cretion of attending physicians) from ai least 1 week before 
the procedure to follow-up angiography 4 months later 
Drugs for treating complications such as hypertension, 
byperlipidemia, and diabetes mellitus were used at the dis- 
cretion of attending physicians, but the use of other antialler- 
gic drugs was prohibited. 

Angioplasty protocol 

Angioplasty was performed with the conventional tech- 
niques. Immediately before the procedure, patients received 
an inirial bolus injection of heparin (S000 10 ; 0,000 units) 
and intra coronary administration of 200 jig niuoglycerin. By 
using balloon angioplasty, investigators attempted to achieve 
an optimal result, which was defined as residual stenosis of 
<30% of the luminal diameter according to a visual estimate, 
without any complications (death, myocardial infarction, 
coronary anery bypass surgery [CABG], or bail-out siemin&l 
Heparin and nitroglycerin inf us ionii werr continued for 2'i 
hours after the procedure. 

Follow-up 

All treated patients were monitored fc« ar least 8 months 
Adverse effects attributable to pemirolast wen.- monitored at 
the fixed periods (before admin istr. : nion and 1 day, 2 weeks, 
and 4 months after PTCA) by interview ar. we/1 as by labora- 
tory examinations. Coronary angiography was repeated \ 
months after PTCA.Tf ischemic symptom? recurred within h 
months after PTCA, coronary angiography wax performed 
earlier. If no definite restenosis waj. found 2 :ubse quern 
angiography was repeated 4 months later 

Angiographic analysis 

Coronary angiograms obtained before, immediately aher. 
and 4 months after PTCA were reviewed by an unbiased 



angiographer without knowledge of group randomization. 
All views were recorded after intra coronary administration of 
nitroglycerin (200 jig). Lesions were visualized in multiple 
views and scored according to the presence of eccentricity, 
irregulariry, calcification, thrombus, ulceration, and so on. 

For quantitative analysis, end-diastolic cineframes were 
selected from the angiographic views demonstrating the 
maximal degree of stenosis and were matched before, imme- 
diately after, and at foilow-up. The selected cineframes were 
digitalized with a cinevideo convener, and a computer edge- 
detection algorithm was applied to the aneriaj and catheter 
contours (Coronary analyzer system; PADL Co, Osaka, 
Japan). "With the- guiding and diagnostic catheters as the cali- 
bration standard, reference diameter, minimal lumen diame- 
. ter. and percentage of diameter stenosis were calculated. 
Acute gain was defined as the increase in minimal lumen 
diameter immediately after PTCA, late loss as the decrease in 
.minimal lumen diameter at follow-up (postprocedure minus 
follow-up minimal lumen diameter), and net gain as the dif- . 
ference between acute gain and late loss. Successful angio- 
plasty was defined as the reduction of diameter stenosis to 
<50%. Angiographic restenosis was defined as a diameter 
stenosis >50% at the end of follow-up. 

End points 

The primary end point of the trial was angiographic evi- 
dence of restenosis at follow-up. Secondary end points were 
clinical: occurrence of acute closure, acute myocardial infarc- 
tion, repeated PTCA, and CABG within the first 8 months 
after the initial PTCA. Event-free survival was defined as 
absence of death, myocardial infarction, or repeated revascu- 
larization by PTCA or CABG. 

Statistical analysis 

For the analysis of continuous variables, the Student's t 
test was used to assess differences between the pemirolast 
group and the control group. The results are expressed as 
mean ± SD. Categorical variables, which are presented as 
rates, were compared by chi-square test, except for the 
composite clinical end point and revascularization of the 
target lesion, which were analyzed by means of Kaplan- 
Meier survival curves, with differences between the 2 
groups compared by WUcoxon test. Statistical significance 
was defined as P < .05. 

Results 

Berween January 1994 and June 1996, 227 patients 
were enrolled in this srudy. Twenry-rwo of them were 
excluded from evaluation because of the failure or 

suhoptimal results of PTCA (17 patients), deviation 

from the protocol (2 patients), or lack of foDow-up 
angiography (3 patients). Thus the final study group 
comprised 205 patients, -with 104 patients (140 lesions) • 
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. in the pemirblast group and patients (133 lesions) 
in the control group. 

Baseline characteristics 

Baseline clinicai charaaerisiics are. shown in Table ].,. 
and baseline angiographic and procedure-related char- 
acteristics are shown in Table II. There were no signif- 
icant differences in baseLine characteristics between " 
the 2 groups except for a higher incidence of chronic 
occluded lesions (<3 months old) in the pemirolasr. 
group than in the control group. 

Angiographic results 

The average time to follow-up angiography was 4.2 
± 0.7 months (pemirolasi group; 4.0 ± 0.4 months; 
control group: 4.4 ± 0.8 months, not significant [N$fo. 
Luminal dimensions at baseline, immediately afcer 
PTCA, and at follow-up are shown "in Table in. At 
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Koplon-Meier survival curves for major cardiac event* (death, 
myocardial infarction, coronary artery bypass surgery, and 
repeated angioplasty). 



baseline, there were no differences berween the 2 
groups in reference diameter, minimal lumen diame- 
ter, or severity of stenosis. Immediately after PTCA } 
there were no differences in minimal lumen diameter, 
severity of stenosis, or acute gain berween the 2 
groups, whereas at follow-up the pemirblast group 
hid a smaller mean reduction in minimal lumen 
diameter (late loss; 0.20 ± 0.6l vs 0.46 ± 0.57 mm, P 
< .001) and larger net gain (1.23 ± 0.68 vs 0.91 ± 0.62 
mm, P< .001), resulting in a larger minirnaJTumen 
diameter (1.87 ± 0.70 vs 1.62 + 0.68 mm,' P< .001) 
and a lower severity of stenosis 63.6% ± 20.9% vs 
43-6% ± 19.5%, P< .001). The cumulative distribution 
of the minirnal lumen diameter is shown in Fig 1. 
Restenosis rates both per lesion and per patient in 
the pernirolast group were lower than those in the 
control group (18.6% vs 35-3% and 24.0% vs 46.5%, P 
r .002, respectively). 

Clinical outcomes 

The numbers of various types of clinical events at 8 
months among all 205 patients are shown Ln Table 
IV. During follow-up no patient died in either group, 
but 1 patient in the control group had a non-Q-wave 
myocardial infarction caused by restenosis and 
received elective CABG. The incidence of recurrent 
angina was significandy lower in the pemirblast 
group than in the control group (6.7% vs 19.8%, P « 
.012). There was no significant difference-in the inci- 
dence of a positive treadmill test berween the 
pemirolasr group and the control group (11.5% vs 
16:8%). A repeated angioplasty was performed on 
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Control („« 101) lvalue 



3 

Volww oic X of poiienb. 



Age (mean ± 5D years) ' xn \ n 752 NS 

Unable angina ' 6 ]~]° *\± 10 NS 



78. B 

^2 d; 1 

— ^ — 3 3 5 *" 

Hijlory of myocardial infarction 41 3 ' 26/7 NS 

Hyperlipidemia ^"jj. 39 - 6 NS 

Hypertension * * NS 

Current smoker ^ A0 ' 6 . NS 

Obesiry (body mass inde* £26) 2P * 8 NS 

Diabetes mellitus 2B8 3 °" 7 N5 

Hyperuricemia 26.7 f^S 

Concomitant drugs ' ^.9 h/5 
Nirrales gg 

Antiplatelet agent (ospirin. 81 mg] 9 4 2 07/! NS 

Calcium channel blockers " 7A r NS 

p-BlocWs 7t . Q ■ ?2;3 NS 

ACE inhibitors ZZ'l N5 

20 -2 15.8 



Antilipemic drugs (pravastatin or simvasiaiin) • 26 9 In'l NS 

No. of target lesions per patient 20.8 NS 

221 29./ 

15 4 6 .9 



2 6 ?- 5 63.4 



those patients who showed such ischemic signs. The 
incidence of repeat angioplasty was lower "in "the 
pemirolast group than in the coniroJ group (18.3% vs 
■ 36.6%, P = .005). In addition, 6 patients \ 5.8%) in the 
pemirolast group and 9 control patients (S.9%) in 
whom ischemic signs were not recognized were fol- 
lowed up medically. The results demonstrated that 
the event-free survival rate was significantly higher in 
the pemirolast group than in the control ^roup 
(81.7% vs 63.4%, P - .013) (Fig 2). 

A slight elevation of glutamic-pyruvic transaminase 
was observed in 1.9% (2 of 104) of patients -1 to 2 
weeks after starting administration of pemirolast, but 
this returned to the baseline level after 2 weeks with- 
- out interruption of administration. One of the 2 
patients was positive for hepatitis C virus antibody. • 
Neither symptoms nor significant aggravation of labo- 
ratory findings attributable to pemirolast were 
observed in the other 102 patients. 

Discussion 

Before our study, Kato et aP noted the similarity of 
reparative processes of vascular wall injury, VSMC pro- 
liferation, and extracellular matrix synthesis lo the 
process of keloid formation and conducted multicen- 
ter, placebo-controlled, double-blind studies to eluci- 
date the preventive effects of the- anualleigic and 



antikeloid drug tranilast on restenosis after PTCA.4.5 
They reported that tranilast reduced clinical restenosis 
at 3 months after PTCA. 4 

In the current randomized comparative study, the 
antiallergic agent pemirolast was found to reduce not 
only the angiographic restenosis rate but also late car- 
diac events. Pemirolast is known to result in minor 
and infrequent adverse events in 3.6% of 112 patients 
(nausea.- 0.9%, headache: 0.9%, exanthema: 0.9%, . 
slight increase in . number of platelets: 0.9%) in com- 
parison with traniiast (12.4% of 113 patients). 12 A low 
incidence of adverse effects (1.9%) was confirmed in 
the current study. These results. suggest that pemirolast 
has pharmacologic properties useful in preventing 
restenosis after PTCA. 

However, the exact mechanisms are not known. The 
results of preclinical studies both in vitro 1 * and in 
vivo 14 suggest that pemirolast reduces restenosis by 
preventing neointimaJ hyperplasia, in recent years, ser- 
ial (after angioplasty and foilow-up) intravascular ultra- 
sound OVUS) studies 17 .^ have been performed to 
examine the restenosis process after PTCA, and it has 
been determined that 2 basic underlying mechanisms, 

' namely neointima] proliferation and vascular remodel- 
ing, participate in restenosis. Further, it has been con- 
sidered that neointimal hyperplasia is solely responsi- 
ble for in-stenr restenosis. Our serial IVUS study in 
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W^H^^f^^SSI&^° procedure-related eta rod eristics 



% of Lesions 



pemirolast [n = 140) confroi (n =133) P value 



Torgcl vessel 

Left anterior descending 44 3 



Left circumflex 

Righl coronary artery 27 9 

Wifh collaterals j g ^ 

.Inlarct-related lesion 



Dissection 



^5.9 NS 

2E.5 27.8 NS 

26.3 NS 

17.3 NS 

1 r ->J 23.3 NS 



' Type oF lesion 

26., 30.1 

, Type B , . 73.6 . 69.9 
lesion morphology 

Concenlric 26 _ 6 32J Ns 

L" en T u- , j 371 • • 3e - 3 .ns 

.. Major branch involved 10 0 - 113 NS 

Irregular contour . • ' ^7 12*.B NS 

Ca,qf,ed 10.0 9 8 NS 

Occluded (<3 months old) )\ 4 A 5 04 

• Thrombus - 0 ^ " 

•Ulcerot.on 57 ^ f N5 



2.1 1.5 NS 



Lesion length (mm) 6.9 ± 3.-d 6 5 + 3 3 NS 

Balloon/orlery raKo 1.14 ±0.18 . \.U±Q.\S NS 

Inflation of the largest balloon • 

f^ency 31 ±1.3 3.0+1.2 NS 

Maximal pressure (otm) . 9 5 + 21 

Totai Inflation time J s) 213 ±.128 



9.5 ± 2.5 NS 
200+ 86 NS 



patients treated with balloon angioplasty documented 
that pemirolast does not prevent vascular remodeling 
■ .but does prevent neointima) hyperplasia. Furthermore, 
a sirnilar study in patients wich stent placements sup- 
ported the view that the inhibitory action of pemirolast 
'on neointimaJ hyperplasia is responsible for restenosis 
prevention (unpublished data). Consequently, it is con- 
sidcxed that concorniiam therapy by iteming and with 
pernirolast is more useful for preventing restenosis. 
. VSMC proliferation and the production of extracellu- 
lar matrix are the result of complex pro<:zss6s* 
involving cytokines such as growth factors, arachi- 
donic acid metaboLites, and endotheliurn-derived con- 
traction factors. Consequently, inhibition' of the intra- 
cellular signal transduction systems common to many 
cytokines is likely to result in the effective inhibition 
of VSMC proliferation. Up 10 now; -2 pathways for 
these intracellular signal transduction pioliferaiion .sys- 
tems are known, 22 - one of which involves membrane- 
inositol phospholipid turnover.^ starting from the aai- 
vation of receptor tyrosine kinase. We confirmed 
• through molecular biologic testing that pemirolast 
markedly inhibits VSMC proliferation induced b\ 



platelet-derived growth factor, angiotensin II, or 
endothelin I. In addition, we found that perrurolast 
suppresses membrane inositol phospholipid turnover 
at an early stage of the. intracellular signal transduction 
system, which suggests that this is one of the mecha- 
nisms by which the agent inhibits VSMC prolifera- 
tion. 13 It has been reported. that tranilast prevents 
VSMC proliferation and collagen synthesis through die 
suppression of TGF-fSl'A 7 However,. it remains to be 
elucidated whether pemirolast also acts through the 
suppression of TGF-Pl. 

, The first steps have just been taken toward elucidat- 
ing the mechanisms by which tranilast and pemirolast 
inhibit restenosis and clarifying the exact mechanisms 
of their actions. The common pharmacologic charac- 
teristics of tranilast and pemirolast as antiallergic 
agents is that both compounds have activity in target- 
ing mast ceUs. It is well known that masr ceils exist 
abundantly in the vascular wall, especially in the . 
adventitia, and thar they secrete chymase, an 
angiotensin Il-forming enzyme 24 * 26 

Experimental studies have shown that angiotensin II ■ 
promotes the proliferauon of VSMC and extracellular 
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Before the procedure 

Reference diometer (mm) 

Minimal lumen diameter (mm-) 

Stenosis (%) 
After the procedure 

Minimal lumon diameler (mm) 

Stenosis (%) 
At follow-up 

Minimal lumen diameter (mm] 

Stenosis (%) 
Change in minimal lumen diameler 

Acute gain |mmj 

Late loss (mm) 

Net goin (mm) 
Restenosis 

Lesions (%) 

Patients (%) 



Pemirolast (n - 140) 



Control (n « 133) 



lvalue 



2.70 ±0.56 
0.63 ±0.35 
76,-d ± n.9 


2.70+0.53 
071 ±0.34 
.74.7+ 10.6 




NS 
NS 
NS 


2.07 ± 0.46 
21.4+3.9 


2.07 + 0.42 
22.1+8.9 




NS 

;ns 


1.67 + 0.70 
33.6 z 20.9 


1.62 + 0.68 
43.6 ± 19:5 




.003 
<.001 


1.4.4 ± 0.52 
0.20 ± 0.61 
1.23 + 0.68 


1.37 ±0.43 
0.46 ± 0.57 
0.91 + 0.62 




NS 
<.001 
<.001 


26/140 (18.6) 
25/104 (2J.0) 


47/133(35.3) 
47/101 (46.5) 




.002 
.002 



I^^^^^^S^ 1 ^ ^ restenosis during. B-morrth Joflpw-up ' 
Pemirolast.fn « \OA) 



.• - ■• ■-■»;-. '"^ri^Iivf • : — . 
Control (n = 101) 



P value 



Cardioc death 
Myocardiol infarction 
Recurrent ongina 

Electrocardiographic changes during exercise • 
Neither angina nor electrocardiographic chonges 
Repeated angioplasty 
Elective CABG 



0 

0 . 

7 (6.7%) 
12 (11.5%) 

6 (5:8%) 
19 (16.3%) 

' : 0 



0 

1 (1.0%) 
20 (19.8%) 
17 (16.8%) 

9 (8.9%) 
36 (35.6%) 

1 (1.0%) 



.012 
.005 



matrix, by activating platelet-dp rived growth factor, 
TGF-p, basic fibroblast growth factor, .and endothelin 
l. 27 * 2fi Injury to the intirna of the carotid jnery in dogs 
has been shown to Jead to an increase' in the number 
of mast cells in the advemitia and fibronc omgrowuS 
as weD as intimal hyperplasia. Moreover, .an 'increase 
in angiotensin II levels and a chymase level exceeding 
the angiotensin-converting enzyme f ACL0 level were 
demonstrated in the injured vascular wall. 26 . 

Given these reports, it is important to examine die 
effects of pemirolast on the chy ma se-de pendent 
angiotensin Il-forming pathway, and w* will perform 
further studies to elucidate 'the mechanisms by which " 
pemirolast' prevents restenosis 

Limitations 

Because this study was -not a double- blind bu« an 
open srudy, a double-blind study musi still be done. 
The most appropriate "time to begin administration is 



an important issue to be determined. If VSMC prolif- 
eration begins in the first 24 hours after PTCA, as has 
been reponed, 2 ? preprocedural administration is 
likely to be more effective. In this study, therefore, 
administration was staned 1 week before PTCA.' If 
efficacy is not affected, however, it would be sensi- 
ble and desirable to begin administration after the 
procedure. Further studies are required to determine . 
the ideal dosage, appropriate time to begin adminis- 
tration, and duration of administration to bring 
pemirolast into clinical use as a new preventive 
modality of restenosis. 
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